Introduction
In 2014, 46 million (15.0%) or about one in every seven individuals were age 65 and older; however, by 2060, this is expected to more than double to 98 million (1). Moreover, persons age 85 and older are estimated to grow significantly from 6 million in 2014 to 14.6 million in 2040 [1] . With a growing geriatric population, the incidence of traumatic injury will also increase [2] . As of 2013, unintentional injury was the eighth leading cause of death in the 65 and older population [3] . One in three older adults falls each year, leading to direct medical costs totaling $34 billion in 2013 [4] . This cost, along with the total number of falls, is projected to increase significantly as the United States population continues to age [4] .
High-risk medications, such as benzodiazepines, sedatives, and psychotropic drugs in elderly patients, have been associated with an increased risk of falls and delirium [5] . In a systematic review and meta-analysis, Leipzig, Cumming, and Tinetti [6] found that elderly patients who were prescribed psychotropic, benzodiazepine, or sedative medications had higher odds of falling. The use of benzodiazepines, both in the inpatient as well as the outpatient setting, has been associated with adverse outcomes in the elderly such as increased sedation, decreased attention, anterograde amnesia, falls with associated fractures, hemorrhage with associated hypotension, hypoglycemic encephalopathy, and liver failure [7] [8] [9] [10] [11] .
Trauma injury in the elderly is also associated with higher mortality and complication rates as compared to younger patients [2] . The management of an older population requires a multidisciplinary approach that takes into consideration the decreased physical reserve and the presence of multiple comorbidities in these patients [2] . Multiple studies have shown that a proactive geriatric consultation (GC) alone or within a formal geriatric protocol has been linked with fewer episodes of delirium, fewer in-hospital falls, less likelihood of discharge to a long-term care facility, and a shorter length of stay [2, 5, [12] [13] [14] . According to 22 randomized trials with greater than 10,000 subjects, those who received a GC followed by appropriate medical care were 25% more likely to be alive and in their own home at one year after discharge [2, [12] [13] .
A geriatrician's participation in medication reconciliation, pain management, disposition decisions, and advance care planning effectively reduces in-hospital complications in older individuals [12] [13] . Few studies have examined the effect of GC on the use of polypharmacy at discharge. This study aims to determine if receiving a GC had an impact on high-risk medication use at discharge in elderly trauma patients.
Materials And Methods
A retrospective study was performed at Hackensack University Medical Center (HUMC), which is a level II trauma center with 775 beds and approximately 900 traumas per year. The institutional trauma registry was queried for all subjects age 65 and older from July 2013 to July 2014. Variables collected from the chart included demographics (age, gender, height, weight, body mass index (BMI), race, ethnicity), level of activation, mechanism of injury, admission GCS, injury severity score (ISS), co-morbidities, initial vital signs, the presence of delirium, hospital medications, the presence of a GC, and high-risk medication use (i.e., benzodiazepines, opiates, and sedatives). Primary outcomes included the length of stay (LOS), discharge medications, discharge locations, readmission rates, and in-hospital mortality. Composite variables were created and included the following: depression (i.e., the patient had a diagnosis of depression and/or was using medications for depression) and multi-traumatic brain injury (TBI) (one or more anatomical region of hemorrhage as indicated by computed tomography (CT) of the head).
The HUMC department of trauma has developed a protocol based on American College of Surgeons (ACS) Trauma Quality Improvement Program (TQIP) Geriatric Trauma Management Guidelines [2] to determine if geriatricians should be consulted at admission (Figure 1 ). This protocol highlighted trauma patient criteria that should prompt a GC, but the ultimate decision was left to the discretion of the trauma surgeon. Patients were excluded if they did not meet the criteria for a GC, if expected LOS was less than 48 hours, and if patients were in a moribund condition or died in the trauma bay. Geriatricians, in conjunction with the trauma team, provided a multidisciplinary patient-centered approach with a specific focus on pharmacokinetic, social, physiological, behavioral, and somatic health factors.
FIGURE 1: Criteria for Requesting a Geriatric Consult on Trauma Patients
Delirium was defined using the five key features from the Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-V) [15] , which include a disturbance: (1) in attention and awareness, (2) that develops over a short time period and is a shift from patient's baseline and fluctuates throughout the day, (3) in cognition, (4) that cannot be attributed to other previously existing conditions or disorders, and (5) cannot be accounted for by a medical condition, substance abuse/withdrawal, or medication side effect. Furthermore, for this retrospective analysis, the key components of delirium were identified via documentation of the following in the electronic medical record (EMR): positive confusion assessment method (CAM) scores [16] , use of restraints/mitts, sitter, and confusion/agitation in the chart or delirium noted in the patient's problem list.
In this study, high-risk medications were defined using the Beers criteria [17] . The Beers criteria (2) provides guidelines for safe and effective medication use while minimizing adverse drug events for the geriatric population. The criteria itself is a comprehensive medication list published elsewhere [17] . The variable "high-risk geriatric meds" included the following five categories of medications: anti-depressants, antipsychotics, benzodiazepines, sedatives, and opioids. Polypharmacy was defined as the use of more than five medications of any type at admission or discharge.
Descriptive analyses were conducted as follows: categorical/discrete variables were summarized as frequency (%), continuous variables were reported as mean ± standard deviation (SD) or median with interquartile range (IQR: 25th -75th percentile), depending on whether the data were normally distributed. The assumption of the normality of the data distribution was assessed using the Shapiro-Wilk test. A comparison of categorical variables between groups was conducted using the Pearson chi-square or Fisher's exact test, as appropriate. A comparison of continuous variables between groups was performed using a two-sided t-test for normally distributed data or Wilcoxon rank sum test for non-normally distributed data. Further, for a comparison of continuous variables between more than two groups, one-way analysis of variance (ANOVA) or the Kruskal- Wallis test, as appropriate, was conducted.
Univariate logistic regression analyses were performed to identify associations between variables. All of the variables that were significantly associated with being discharged on high-risk medications were entered in a multivariable model in which the stepwise selection procedure was employed to obtain a final model fit. Modeled covariates in univariate and multivariate logistic regression analyses were reported as odds ratio (OR) with 95% confidence intervals (CI). A p-value < 0.05 was chosen as the cut-off level for statistical significance. All data analysis was performed using SAS™ (version 9.4; SAS Institute Inc., Cary, NC, US).
Approval for the study was obtained from the HUMC institutional review board.
Results
A total of 104 charts were reviewed and met the criteria for geriatric consultation. Of these, 49 patients received a GC and 55 did not. Table 1 compares the demographic variables of both groups. Patients who received a GC were older (81.0 vs. 83.0 year old, p = 0.041) and had a lower BMI (24.6 vs. 27.3 kg/m2, p = 0.017) compared to those without. The GC group did appear to have slightly worse injuries in regards to injury severity score (9 vs. 10) although this finding was not statistically significant (p = 0.052). Approximately70% of patients in both groups had three or more co-morbidities. However, patients in the non-GC group were more likely to have pre-existing depression compared to those with GC (27.3% vs. 10.2%, p = 0.046). Patients with a GC were more likely to be on an anticoagulant than those without (26.5% vs. 10.9%, p = 0.040). Table 1 also highlights delirium in the non-GC and GC groups. Most patients had a diagnosis of delirium prior to a GC. Patients with a GC and delirium were more likely to have restraints ordered (p = 0.026), documentation of a CAM positive score on the step-down unit (p = 0.017), and sitter usage (p = 0.017) as compared to the non-GC group. The non-GC and GC groups had comparable LOS, in-hospital mortality, and 30-day readmission ( Table 2 ). The patients who received a GC were more likely to have a urinary tract infection (UTI) compared to the non-GC patients (20.4% vs. 5.5%, p = 0.035). More patients in the non-GC group were likely to be discharged to acute rehabilitation than the GC patients; however, this was not statistically significant. Table 3 highlights the high-risk medication status of geriatric trauma patients with and without a GC at three different time periods: at admission, in hospital, and at discharge. Both groups at admission had comparable uses of high-risk medications, but non-GC patients had a statistically significant increased usage of benzodiazepines and opioids. Despite the fact that patients in both the non-GC and the GC groups have a similar use of high-risk medications while in the hospital, the GC group was less likely to be discharged on high-risk geriatric medications compared to the non-GC group (73.1% vs. 47.7%, p = 0.011). The final multivariable analysis model (Table 4 ) indicated that GC, depression, and multi-TBI were significantly and independently associated with being discharged on high-risk medications. 
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Discussion
An early-implemented, proactive multidisciplinary trauma-geriatric model has consistently shown in the literature to prevent and successfully manage geriatric syndromes (i.e., delirium), preserve function, and facilitate discharge planning [12] [13] 18] . This study further supports this model by highlighting a significant difference (74%) in high-risk medication use, specifically due to the lower utilization of benzodiazepines and sedatives upon discharge in the hospitalized elderly trauma patient. This difference was not seen in the GC and non-GC groups while hospitalized. One possibility for this findings is that the in-hospital high-risk medication use is a snapshot in time, i.e., the temporal pathway of high-risk medication use is unclear. Likely, the "at-discharge" time point reflects both a discontinuation and a reduction of high-risk medication use during the hospitalization and at the time of discharge.
Few studies have specifically assessed the impact of GC on high-risk medication prescriptions in the trauma population. However, there has been extensive research on high-risk medication use and its impact on falls and delirium [19] . The side effects of benzodiazepine use are wellestablished in both inpatient and outpatient settings in the geriatric population [7] [8] [9] [10] . Brief interventions in the primary care setting have led to a significant reduction in benzodiazepine use in the elderly [20] . In the hospital, early proactive geriatric involvement in the care of an elderly trauma patient includes a comprehensive geriatric assessment (CGA). This multidimensional, multidisciplinary diagnostic instrument is designed to collect data on medical, psychosocial, and functional capabilities and the limitations of elderly patients, which aids in developing treatment and follow-up plans [2] .
In this study, although the GC group had more frail patients (older, lower BMI, and slightly higher ISS), the readmission and LOS rates were similar in both groups. Moreover, these patients were more likely to go home (although this was not statistically significant). Many studies have looked at the positive impact of home discharge versus a skilled nursing facility (SNF) or an acute rehab facility on the medical, psychological, functional, and social state of elderly patients [21] . The positive impact of home care on elderly health outcomes includes the prevention of unplanned hospitalizations, a reduction in the number of hospital days, improvement in cognitive health, increased functional abilities, and improvements in quality of life [22] [23] [24] . This research suggests that a multidisciplinary trauma team that includes a geriatrician can increase the likelihood that elderly patients will be discharged home rather than to an SNF or acute rehab facility, which has positive implications for the medical and social health of these patients.
A large portion of the study population had a diagnosis of delirium prior to GC, limiting the 2018 Sharma et al. Cureus 10(11): e3649. DOI 10.7759/cureus.3649examination of how GC affected this important syndrome. Consistent with prior literature, this study demonstrated that hyperactive delirium was more prevalent (i.e., documentation indicating the use of restraints/mitts, sitter, confusion/agitation, CAM scores, etc.) and more often diagnosed as well as treated than its counterpart, hypoactive delirium, in patients who received a GC [25] . The treatment of hypoactive and hyperactive delirium varies significantly. Diagnosing hypoactive delirium in older patients is key to ensure the apt execution of acute nonpharmacological treatment strategies such as reorientation and behavioral intervention [20] . Additionally, the timely diagnosis of hyperactive delirium is important so that appropriate pharmacological therapy can be administered to preserve patient safety [20] . In hyperactive delirium, inappropriate high-risk medication use, such as benzodiazepines, can worsen the condition and ultimately lead to increased mortality [2] . The long-term effects of delirium have been well-documented in the literature and include an increased risk of institutionalization, cognitive, and functional decline as well as mortality, especially with intensive care unit admission [26] [27] [28] . The etiology of delirium is multifactorial, involving genetics, direct brain insults (i.e. metabolic, inflammatory, and/or neurotransmitter abnormalities), and an aberrant stress response [25, 29] . All three types, hyperactive, hypoactive, and mixed, of delirium can occur during a single hospitalization. The complex pathogenesis of delirium requires a multidisciplinary approach with the geriatrician for prevention, early detection, and management, especially in older patients.
A trauma-geriatric collaborative effort can change the culture of prescribing high-risk medications in the inpatient environment among a vulnerable population. In our institution, the standard of care for geriatric trauma patients has evolved to include the following: using low doses of high potency medications, attempting to prohibit benzodiazepine use unless clinically warranted, ordering standing intravenous or by-mouth acetaminophen, frequent reorientations, slow weaning of standing pre-hospitalization high-risk medications (i.e. benzodiazepines), and active family involvement. Since this retrospective study, efforts have increased at our institution to enforce and standardize the criteria for a GC request (Figure 1) . Elderly trauma patients with delirium on admission or the onset of delirium during hospitalization should also prompt a GC, a criterion that will likely need to be added to our protocol ( Figure 1, Number 2) . Understandably, the latter will aid with delirium management, but not prevention. Moreover, the timing of GC has been also enforced at HUMC to within 48 hours of patient admission since this study showed that most elderly patients were already delirious at the time of consultation. Furthermore, Figure 2 highlights the projected seamless flow of care of an elderly trauma patient from the emergency room (ER) to discharge. The geriatric trauma population is unique and requires constant vigilance, starting in the ER by flagging the electronic medical record (EMR) and the early involvement of the multidisciplinary team for rapid recovery and discharge. There are several limitations to this study. First, this was a single-center retrospective study with a relatively small sample size and included only geriatric trauma patients. Thus, these results cannot be generalized to other populations or trauma centers. Second, this research was unable to determine if GC affected delirium incidence since a significant number of patients were already delirious prior to consultation. The selection bias of obtaining a GC likely affects the result of this study, i.e., most trauma surgeons obtained a GC in high-risk elderly patients (those with signs and symptoms of delirium). Furthermore, in cases where geriatricians are involved, there is likely actual heightened awareness of the primary providers that may be contributing to the overall decrease in the number of high-risk medications during the hospital course or at discharge. Additionally, this study did not track non-pharmacological interventions (i.e. physical therapy, family presence, hospital elder life program) for delirium [30] . This type of intervention may have contributed to the overall decrease in high-risk medication use at discharge in the GC group. Also, the reliability of the retrospective data extracted from the EMR is limited due to the possibility of poor clinical documentation. Lastly, there is no post-hospital follow-up to confirm that the discontinuation and/or avoidance of high-risk medications was persistent over a long period of time. There is also no data collected about post-hospital functional and cognitive outcomes. Further data will be needed to establish whether these changes are lasting and concomitant with behavioral changes in prescribing the high-risk medications.
Future studies should examine the impact of GC on-discharge medication reconciliation and postdischarge outcomes. The gold standard continues to be a prospective assessment of delirium and high-risk drug prescription use in the geriatric trauma population. Furthermore, extending this collaborative model to other services, such as neurosurgery, orthopedics, and general surgery, may reduce inappropriate high-risk medication use in the elderly.
Conclusions
As the population ages, a larger number of older patients are requiring hospital care due to traumatic injury. These patients are at a higher risk of delirium, leading to an increase in morbidity and mortality as compared to younger patients. This study further identifies that a GC reduces high-risk medication use upon discharge. A multidisciplinary trauma team, including a geriatrician, addresses the unique medical, psychological, functional, and social issues of this population.
Additional Information Disclosures
Human subjects: Consent was obtained by all participants in this study. Hackensack Meridian Health Institutional Review Board issued approval CR00003635. Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest:
In compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All authors have declared that no financial support was received from any organization for the submitted work. Financial relationships: All authors have declared that they have no financial relationships at present or within the previous three years with any organizations that might have an interest in the submitted work. Other relationships: All authors have declared that there are no other relationships or activities that could appear to have influenced the submitted work.
